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BATHO-SPATIAL Dr TRIBUTION PATTERN AND BIOMASS
ESTIMATE OF THE MAJOR DEMERSAL FISHES IN LAKE
VICTORIA
KUDHONGANIA, A. W. and ALMO J. CORDONE
ABSTRACT
A generalized bottom trawl exploratory survey was carried out on Lake Victoria
to: (i) define the distributional pattern and magnitude of the lakewide demersal
stocks. (ii) determine the commercial potential of Haplochromis spp. and (iii)
evaluate trawling as a commercial fishing technique for Lake Victoria fisheries.
Preliminary results suggest that: (i) bottom trawl catches are more representa-
tive of the stocks, Oi) species diversification and fish density decrease with increa-
sing mean depth and (iii) at least 80% of the catchable demersal ichthyomass
is Haplochromis.
Though bottom trawling is a much more efficient fishing technique for the
Lake Victoria fisheries, bio-socio·economic consideration impose that mechani-
zation of the fishery should better proceed in graded steps. Besides. demogra-
phic and nutritional considerations indicate the necessity for rational manage-
ment and increased direct human utilization of the fishery resource.
Kudhongania, A. W.
£.A.F.F.R.O. P.O. Box 343, Jinja
Alma 1. Cordone California Department 0/ Fish and Game, Sacramento Calif,
US.A
INTRODUCTION
Lake Victoria as a fishery resource has
experienced recognisable trends for the
last seventy years or so. Though no one
knows exactly when and how fishing began,
it is certain that in the early stages of the
Lake Victoria fishery adequate supplies
were obtained with little effort, from inshore
areas alone, and with simple fishing gear
(such as the static fence-Ii ke "osageru"
or the mobile seine-like "ngongo·'). In the
absence of convenient transport facilities
to dispose of the fish quickly (under a
tropical climate) to far inland areas, fresh
fish supply was geographically limited and
the fishing intensity was almost negligible.
The lake, being held second in the size
hierarchy of freshwater bod:es, tantalizingly
appeared a limitless resource.
The chimaera of an' unlimited resource
began to loseits illusion when fishing pressure
was increased due to several developments.
The use of gill-nets, first introduced in
Nyanza (Kavirondo) Gulf in 1905 (GRA-
HAM [929), made fishing more profitable
as the gear proved more efficient, particularly
in catching the highly prized Ti/apia; and,
the arrival of the railway to the Gulf at
Kisumu in 1908 opened up more inland
.
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m a r k e t s . T h e f i s h i n g i n d u s t r y a t t r a c t e d
m o r e a n d m o r e f i s h e r m e n , b e a c h s e i n e s
w e r e i n t r o d u c e d i n t h e e a r l y 1 9 2 0 ' s a n d
f i s h i n g c a n o e s w e r e f o r c e d t o v e n t u r e m o r e
a n d m o r e o f f s h o r e a s t h e c a t c h p e r u n i t
e f f o r t o f t h e c o m m e r c i a l l y c o m m a n d i n g
s p e c i e s f r o m t h e t r a d i t i o n a l f i s h i n g i n s h o r e
a r e a s s t a r t e d t o d e c l i n e . T h e n a t u r a l f i b r e
g i l l - n e t s w e r e g r a d u a l l y d i s p l a c e d b y t h e
s y n t h e t i c f i b r e n e t s , a n d m a n y o f t h e f i s h i n g
b o a t s b e c a m e m o t o r i z e d . T h u s , e v i d e n t
c h a n g e s i n : e f f i c i e n c y o f t h e f i s h i n g g e a r ,
t r a n s p o r t , t o t a l f i s h i n g e f f o r t a n d g e o g r a p h i -
c a l e x t e n s i o n o f f i s h i n g o p e r a t i o n s m a i n t a i n e d
t h e y i e l d f r o m L a k e V i c t o r i a , b u t a g a i n s t
a c o n t i n u o u s d e c r e a s e i n c a t c h p e r u n i t
e f f o r t a n d m e a n s i z e o f t h e f i s h c a u g h t .
F o r e x a m p l e , t h e c a t c h p e r n i g h t f o r T i l a p i a
h a s d e c r e a s e d f r o m 5 0 - 1 0 0 f i s h p e r 5 0 m - l o n g
n e t w i t h 1 2 7 m m ' s t r e t c h e d m e s h i n 1 9 0 5
( W O R T H I N G T O N a n d W O R T H I N G T O N ,
1 9 3 3 ) t o l e s s t h a n 0 . 5 f i s h b y 1 9 7 0 ( S S E N -
T O N G O , 1 9 7 2 ) . I t b e c a m e n e c e s s a r y , t h e r e -
f o r e , t o d e f i n e t h e l a k e w i d e s t o c k s o f L a k e
V i c t o r i a s o t h a t t h e f i s h i n g e f f o r t c o u l d b e
m a n i p u l a t e d w i t h i n t h e b i o l o g i c a l p r o s p e r i t y
a n d e c o n o m i c p r o f i t a b i l i t y o f t h e f i s h e r i e s .
T h e n e e d f o r t h e g e n e r a t i o n o f d a t a
n e c e s s a r y f o r r a t i o n a l m a n a g e m e n t s t r a t e g y
c a n n o t b e o v e r - e m p h a s i z e d . L a k e V i c t o r i a ,
a s a n a t u r a l f r e s h w a t e r f i s h e r y r e s o u r c e ,
h a s n o e q u a l i n m a n y p a r t s o f t h e w o r l d .
B u t b e c a u s e a l a r g e p r o p o r t i o n o f t h e
i n c r e a s i n g p o p u l a t i o n s o f t h e p e o p l e s o f
E a s t A f r i c a ( l i k e i n m a n y o t h e r d e v e l o p i n g
n a t i o n s ) i s f a c e d w i t h p r o t e i n d e f i c i e n c y
w h i c h c o u l d b e b r i d g e d b y f i s h p r o t e i n ,
t h e l a r g e s i z e ( a b o u t 6 8 , 0 0 0 k m
2
) o f t h e
l a k e a n d i t s p r o d u c t i o n p o t e n t i a l c a n n o t
o v e r - s h a d o w t h e n e e d f o r s u c h d a t a s i n c e
e v e n t h e N o r t h A m e r i c a n G r e a t L a k e s
( S T A N F O R D J 9 6 8 , 1 9 7 0 ) , t h e p r o l i f i c
B a r e n t s a n d N o r t h S e a s ( K O R R I N G A , ? ) ,
l e t a l o n e m a n y o f t h e t r a d i t i o n a l f i s h i n g
g r o u n d s o f t h e w o r l d ' s o c e a n s , e t c . h a v e
a l r e a d y e x p e r i e n c e d s o m e s u r p r i s e s . F u r t h e r ,
p a s t r e s e a r c h w o r k o n L a k e V i c t o r i a h a s
i n d i c a t e d t h a t c e r t a i n s p e c i e s s L l c h a s L a b e o
l ' i c t o r i a n u s ( G A R R O D 1 9 6 1 , C A D W A L -
L A D R 1 9 6 9 ) a n d B m ' b u s a l t i o n a l i s h a v e
b e c o m e r a r e w h i l e c a t c h r a t e s a n d s i z e
r a n g e f o r o t h e r s s u c h a s T . e s c u l e n t a , T .
v a r i a b i l i s a n d M . k a n n u m e h a v e c o n t i n u o u s l y
d i m i n i s h e d t o a l a r m i n g l e v e l s . T h i s i s m o s t
l i k e l y t o h a v e r e s u l t e d f r o m o v e r - f i s h i n g
( G A R R O D , o p . c i t . , ) , i n c r e a s e d u s e o f
s m a l l m e s h g i l l - n e t s a n d u n r e s t r i c t e d u s e
b e a c h s e i n e s i n s o m e a r e a s . O n t h e o t h e r
h a n d , l a r g e s t o c k s o f H a p l o c h r o m i s s p p
w e r e b e l i e v e d t o e x i s t i n t h e l a k e b u t b e : : a u s e
o f t h e i r g e n e r a l l y s m a l l s i z e t h e s e f i s h w e r e
n o t e f f e c t i v e l y h a r v e s t e d b y t h e e x t a n t
g i l l - n e t f i s h e r y . T h e d i c h t o l 1 l y o f t h i s h e t e r o -
g e n e o u s f i s h e r y , w h e r e c e r t a i n s p e c i e s s e e m e d
o v e r - f i s h e d w h i l e o t h e r s w e r e b e i n g u n d e r -
f i s h e d d u e t o t h e s e l e c t i v e p r o p e r t i e s o f t h e
g e a r i n u s e , c a l l e d f o r m o d i f i c a t i o n s i n t h e
f i s h i n g p r a c t i c e s .
H e n c e , w e e m b a r k e d o n a g e n e r a l i z e d
l a k e w i d e b o t t o m t r a w l e x p l o r a t o r y f i s h i n g
s u r v e y . T h e i m m e d i a t e a i m s w e r e : ( i ) t o
d e r i v e e s t i m a t e s o f t h e f i s h s t o c k s o f L a k e
L a k e V i c t o r i a ( i . e . s p e c i e s c o m p o s i t i o n a n d
t h e i r r e l a t i v e a b u n d a n c e b y d e p t h , s e a s o n ,
e t c . ) n e c e s s a r y f o r d e t e r m i n i n g t h e p o t e n t i a l
y i e l d o f t h e c o m m e r c i a l f i s h e r i e s ; ( i i ) t o
d e t e r m i n e t h e c o m m e r c i a l p o t e n t i a l o f t h e
H a p l o c h r o m i s s t o c k s b e l i e v e d t o a b o u n d
i n t h e l a k e - p a r t i c u l a r l y i n t h e d e e p a n d
m o r e o f f s h o r e w a t e r s - i n e f f i c i e n t l y h a r v e s t e d
b y t h e e x i s t i n g g e a r ; a n d ( i i i ) t o e v a l u a t e
t r a w l i n g a s a c o m m e r c i a J f i s h i n g t e c h n i q u e
f o r L a k e V i c t o r i a ' s h e t e r o g e n e o u s f i s h e r i e s .
M A T E R I A L A N D M E T H O D S :
P r e l i m i n a r y w o r k s t a r t e d i n 1 9 6 8 , b u t t h e
a c t u a l e x p l o r a t o r y s u r v e y w a s c a r r i e d o u t
f r o m J a n u a r y , 1 9 6 9 t h r o u g h M a y , 1 9 7 1 .
N i n e t e e n b o t t o m t r a w l c r u i s e s w e r e c o n -
d u c t e d . L a k e V i c t o r i a w a s d i v i d e d i n t o 1 3
s u b - a r e a s ( F i g . I ) e a c h o f w h i c h w a s s u b - d i v i -
d e d i n t o 1 0 m d e p i h i n t e r v a l s , a s d e s c r i b e d b y
3 1 f f
U G
5 1 · . . . - - - - - - - . . .
, .
E~IN P
" .
l " E
i
I
]
t 1
l 1
f O r i J
J / f a /
! f
/
/
J : :
t o m
i
J
/
i l
p 1 :
t
•
DEMERSAL FISHES IN LAKE VICTORIA 17
FIG 1
','
~ E NY A
'"
" s
0'
1CO ...·lFS
I
) ~ . t
"I
'0
I
TANZANIA
".J"£
UGAND~
)1'£
,.
".
1 a generalized
lora tory fishing
1S were: (i) to
stocks of Lake
omposition and
depth, season,
rig the potential
sheries; (i i) to
lotential of the
ed to abound
the deep and
iently harvested
iii) to evaluate
;hing technique
neous fisheries,
·lce Victoria has
~s such as Labeo
'61, CADWAL-
a/liana/is have
rates and size
T. escu/enla, T.
ave continuously
~Is, This is most
om over-fishing
creased use 0 f
unrestricted use
i, On the other
1p/ochromis spp
Jake but be:ause
: these fish were
by the extant
y of this hetera-
n species seemed
re being under-
Jroperties of the
ifications in the
os:
rI 1968, but the
as carried out
;h May, 1971.
ses were con-
livided into 13
h was sub-divl-
as descri bed by
SAMPLING AREAS OF LAKE VICTORIA
T T T
) 1 ,.. Bot
1 K N
\'.
"
,'s
3 ( ,,' ).1'
~
1 8 K V D H O N G A N I A , A . W . A N D A L M O J . C O R D O N E
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R E S U L T S A
M o s t o f t l
v e n i e n t f o r
g e n e r a l l y s h a
d e p t h s o f 4 (
i s a l m o s t f l a
w i t h r o c k y
i s l a n d s " c o u l <
O t h e r u n d e r
a r e a s c o u l d b <
o f t h e g e a r "
f i s h e s o f t h e
t h a n p e l a g i c ,
b e s u p e r i o r ,
H a p l o c h r o m i J
c i a ! g e a r . 1
t r e n d s i n t
a b u n d a n c e o f
f r o m o u r b o
A l t h o u g h , '
s y s t e m a t i c s a
p r o p o r t i o n a l i t
1 i n g e f f o r t ) w a
o f t h e l a k e W e
d e r e d t h e d
c o n s i d e r a t i o n s
a b s o l u t e f i s h i
( i . e . t h e r a t
n u m b e r a c t u e
a t t h e t i m e ,
l i m i t e d o u r
B u t , b y m a 1
h a v e d e r i v e d
f o r t h e v a r i O l
f o r t h e H a p l o
a r e m e r e l y t <
d e s i g n i n g m (
s t u d i e s . I f t h <
o r t e c h n o l o g i
r
t h e i n t i a l r n a
b e e x p e r i m e n
i m p o s e d b y t h e d r a u g h t o f t h e I B I S . T o w i n g
s p e e d w a s m a i n t a i n e d a t a n a v e r a g e o f
3 k n o t s a n d t h e a c t u a l f i s h i n g d : . J r a t i o n w a s
m o s t l y 6 0 m i n . S h o r t e r a n d l o n g e r d r a g s
w e r e a d u s t e d t o h o u r l y c a t c h e s f o r s u b -
s e q u e n t a n a l y s e s . T r a w l i n g w a s p e r f o r m e d
d u r i n g b o t h d a y a n d n i g h t b u t , d u e t o
r e v e r s e d d i e l v e r t i c a l m o v e m c n t s o f c e r t a i n
s p e c i e s , m e a n c a t c h r a t e s a n d b i o m a s s
e s t i m a t e s h a v e h e e n d e r i v e d f r o m d r a g s
m a d e d u r i n g t h e d a y ( 0 7 0 0 - 1 9 0 0 h o u r s )
o n l y . H o w e v e r , s p e c i e s w h o s e d e m e r s a l
c a t c h r a t , = s t e n d e d t o b e h i g h e r d u r i n g t h e
n i g h t ( 1 9 0 0 - 0 7 0 0 h I ' S ) t h a n d u r i n g t h e d a y
m a y h a v e b e e n u n d e r e s t i m a t e d . F u r t h e r ,
h a u l s b e l i e v e d t o h a v e b e e n a t y p i c a l i n o t h e r
r e s p e c t s ( s u c h a s c o d e n d o p e n e d , n e t t o r n ,
e t c . d u r i n g t h e t o w ) w e r e a l s o n o t u s e d f o r
d e r i v i n g t h e e s t i m a t e s . T h u s , o f t h e 1 1 4 1
h a u l s m a d e o v e r t h e w h o l e l a k e 7 7 2 ( 6 7 . 7 % )
w e r e s u b s e q u e n t l y u s e d f o r t h e a n a l y s e s .
T h e s p a t i a l d i s t r i b u t i o n o f a l l t h e h a u l s
m a d e ( n I ) a n d t h o s e s u b s e q u e n t l y u s e d
( n 2 ) i s s h o w n i n T a b l e 1 .
D e p t l l i n t e r v a l ( m )
1 N o K e n y a S e c t i o n o f t h e L a k e h a s t h i s d e p t h
S e c t i o n o f
L a k e V i c t o r i a
I
4 - 9 I 1 0 - 1 9
2 0 - 2 9
3 0 - 3 9
1 4 0 - 4 9
I~O-69
I 7 0 - 7 9
I
5 0 - 5 9
T o t a l
I
I
K E N Y A
n
j
5 9
4 2
1 2 6 2 2 J 8
8
1
1 6 2
n z
4 1 3 7
1 2
I
6 1 4 1 0 8
1
1 2 8
I
T A N Z A N I A
n j
9 0
1 1 5 7 6
3 8 3 5
2 2
1 7
5 3 9 8
n z
5 5 9 5 6 6
3 2 3 1 2 0
I
1 4
5 3 1 8
I
!
U G A N D A
n j
2 0 7 J 6 7 6 8
r
3 8
2 4 2 8
1
3 7 1 2 5 8 1
n z
5 5 9 6
5 2 3 3 2 3 2 7
I
2 9 1 1
3 2 6
W h o l e L a k e
n \
3 5 1
3 2 4
1 5 6 8 2 8 1
6 8 6 2 1 7 1 1 4 1
n z
J 5 1 2 2 8 1 3 0
7 1 6 8 5 7 5 1
J 6 7 7 2
i
% o f T o t a l H a u l s n \
3 0 . 8 2 8 . 4
I
1 3 . 7 7 . 2 7 . J
6 . 0
5 . 4 1 . 5 1 0 0 . 1
n z
1 9 . 6 2 9 . 5 1 6 . 8
9 . 2
8 . 8
7 . 4 6 . 6 2 . J 1 0 0 . 0
- - -
I
! 1 0 0 I
% o f t o t a l A r e a
I
o f L a k e 9 . 3
9 . 2
I
8 . 5 7 . 5 9 . 3 1 7 7
2 0 . 2
I
J 8 . 4
B E R G S T R A N D a n d C O R D O N E ( 1 9 7 1 ) ,
g i v i n g a t o t a l o f 5 2 s a m p l i n g s t r a t a . B o t t o m
t r a w l i n g w a s c o n d u c t e d w i t h t h e 1 8 0 R P .
r e s e a r c h v e s s e l , I B I S , w h i c h i s 1 7 m l o n g ,
i s f u l l y r i g g e d f o r a v a r i e t y o f f i s h i n g g e a r
a n d i s f i t t e d w i t h m o d e r n n a v i g a t i o n a l
d e v i c e s . I t i s e q u i p p e d w i t h t w o e l e c t r o n i c
e c h o - s o u n d e r s f o r r e c o r d i n g b o t h t h e d e p t h
a n d " b i o l o g i c a l t a r g e t s " w i t h i n t h e w a t e r
c o l u m n b e n e a t h th'~ k e e l a n d h a s a 2 - t o n
c a p a c i t y h y d r a u l i c w i n c h f o r d e p l o y i n g a n d
r e t r i e v i n g t h e g e a r . S e v e r a l t y p e s o f o t t e r
t r a w l s w e r e u s e d b u t t w o s t a n d a r d n e t s ( o f
2 - s e a m d e s i g n ) - o n e w i t h 2 4 m a n d t h e o t h e r
w i t h 1 9 m h e a d r o p e l e n g t h s - w e r e u s e d m o r e
o f t e n . D i f f e r e n t c o d e n d s , w h i c h v a r i e d
m o s t l y i n t h e m e s h s i z e s ( i n c l u d i n g s t r e t c h e d
m e a s u r e s o f 8 3 , 7 6 , 6 4 , 5 7 , 5 1 , 3 8 a n d 1 9 m ) ,
w e r e f i s h e d w i t h ~Ithough t h e 6 4 , 3 8 a n d
1 9 m m e s h s i z e c o d e n d s w e r e u s e d m o s t
f r e q u e n t l y . F o r f u r t h e r d e t a i l s s e e B E R S T -
R A N D a n d C O R D O N E ( o p . c i t . , ) .
B o t t o m t r a w l i n g w a s p o s s i b l e o n l y i n
w a t e r s d e e p e r t h a n 4 m b e c a u s e o f r e s t r i c t i o n s
U
d
, , , 5 , 5 3
a l t h o u g h
R . u e n t
J r a t i
e
b
" :
r s
i
t
I
- J O
\ 4 0 - 4 9
J 6 0 - 6 9
I
\
1 2 2
1
I
\
I
- -
~
\
1
I I
[
1
1
I
1
1
I I
I
1
. 1
IBIS. Towing
average of
d:Jration IVa,
longer drags
les for sub-
is performed
but, due to
Its of certai n
md biomass
from drags
J900 hours)
se demersal
r during the
ring the day
ed. Further,
lical in other
~d, net torn,
not used for
of the 1141
772 (67.7%)
he analyses.
[I the hauls
uently used
and by Depth
79 Total
162
[28
5 398
5 318
12 58!
Jl 326
[7 114\
16 772
.5 100.1
.1 100.0
4 [00.1
Although, as it appears from the table,
systematic sampling (i n terms of a real
proportionality in the distribution of samp-
ling effort) was not realized, broad coverage
of the lake was achieved and we have consi-
dered the data suitable for generalized
considerations. Lack of knowledge of the
absolute fishing performance of our gear
(i. e. the ratio of the fish caught to the
number actually present in the zone, and
at the time, swept by the gear) inevitably
limited our analyses and interp.etations.
But, by making certain assumptions, we
have derived estimates of "ichthyomass"
for the various species and "potential yield"
for the Haplochromis taxon. These estimates
are merely tentative and can be used for
designing more systematic and advanced
studies. If they are used for the expansion
or technological improvement of the fishery,
the intial mode of the development should
be experimental in magnitude and outlook.
RESULTS AND OBSERVATIONS:
Most of the lake was found to be con-
venient for bottom trawling. The lake is
generally shallow with mean and maximum
depths of 40m and 79m, respectively. It
is almost flat-bottomed and the few areas
with rocky bottoms or floating "papyrus
islands" could easily be detected and avoided.
Other under-water obstructions in some
areas could be tolerated, though the efficiency
of the gear would be reduced. Most of the
fishes of the lake appear more demersal
than pelagic, and, trawling was found to
be superior, in harvesting particularly the
Haplochromis spp, over the existing commer-
cial gear. The following are the major
trends in the distribution and relative
abundance of the fishes in the lake as reflected
from our bottom trawl data .
Composition of the Demersal Fishes of Lake
Victoria
The composition of the demersal fishes
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encountered during the survey is comprised
of 24 species excluding those belonging to the
Hapfochromis taxon. They are systematised
into 21 genera which fall into 11 families
as tabulated by BERGSTRAND and COR-
DONE (op. cit.,). The Hapfochromis taxon
alone consists of 4 monospecific genera and
the more important polytypic genus, Haplo-
chromis itself, made up of probably more
than 120 species some of which have not
yet been described. Since most of the species
encountered (l20 species of the Haplochromis
taxon and 5 species of Tilapia) belong
to the family Cichlidae, Lake Victoria
is rightly considered a "cichlid lake"
(GREENWOOD, 1966). However, the taxa
encountered were fewer than the number
known in the lake as listed by Greenwood.
This is because Xenoclarias was identified
only to generic level, Engraulicypris and
small Barbus spp were not sorted out from
the bul k Haplochromis whenever encountered
and waters shallower than 4m, where several
other species would be expected to occur,
were not sampled during Qur survey.
Only 20 of these taxa were used in the
the present analyses and are listed in Table 2.
Although there were temporal and spatial
variations in catch rates and frequency
of occurrence, most of these taxa were
encountered in all the 13 sub-areas except
areas (IV, VII and XII) wh'ch are deeper
than 50m. Thus, depth (directly or indirectly)
is certainly one of the' ecological factors
determining the distribution pattern of the
fishes in Lake Victoria.
Batho-spatial and temporal distribution of
species as implied by their mean catch rates
There appears a well defined trend in the
number of species by depth with maximum
species diversification occurring in the
shallow inshore waters of the lake. Data
presented in Table 2 show that species
diversity progressively decreases with depth.
Excepting the Haplochromis spp, 19 species
,
•
ld"
.
l
l
1
o
l
I ·
2 0 K U D H O N G A N I A . A . W . A N D A L M a J . C O R D O N E
T a b / e 2 . B o t t o m T r a w l M e a n C a t c h R a t e s ( W e i g h t e d b y D e p t h I n t e r v a l ) o f t h e V a r i o u s F i s h e s i n L a k e
V i c t o r i a ( i n K g / H r ) .
' 1 F o r H a p / o c h r o m i s s p p o n l y d a t a f r o m s m a l l m e s h c o d e n d s ( 1 9 a n d 3 8 m m ) w e r e u s e : ! .
2 / T h o u g h t h e I B I S o p e r a t e d i n w a t e r s d e e p e r t h a n 4 m , m e a n c a t c h r a t e s w e r e w e i g h t e d b y t h e a r e a
o f t h e w h o l e d e p t h z o n e ( i . e . 0 - 9 m ) .
2 1
D e p t h ( m ) 0 - 9 1 0 - 1 9 2 0 - 2 9
3 0 - 3 9 4 0 - - 4 9
5 0 - 5 9 6 0 - 6 9 7 0 - 7 9
N u m b e r o f h a u l s 1 5 1 2 2 8 1 3 1
7 1 6 8
I
5 6 5 1 1 6
S p e c i e s :
H a p / o c h r o m i s S p p ' 4 9 3 . 8 8 0 0 . 2
6 3 9 . 5
5 0 7 . 5
4 4 8 . 0
4 8 6 3 1 9 6 . 3 2 9 . 6
T i / a p i a e s c I I / e n l a 5 4 . 1 2 8 3
4 . 4 0 . 5 0 . 0
-
-
-
T . v a r i a b i / i s
3 . 2 0 . 2 0 . 0
0 . 0
- - -
-
T . l I i / o / i c a , 1 0 . 0
0 . 9
0 . 0
-
I
- -
- -
T . z i l l i i
0 . 4 0 . 0 0 . 0
-
I
- -
-
-
T . / e u c o s t i u a
0 . 2
-
-
-
-
-
- -
R a g r u s d " c m a c
1 8 . 0
3 9 . 9
3 9 . 3
3 6 . 8 3 4 . 4 3 8 . 8 2 7 . 6 0 . 2
C / a r i a s l 1 I o s s a m b i c u s
2 6 . 7
3 7 . 1
3 1 . 6
2 0 . 7 1 5 . 1
1 4 . 5 1 4 . 8
7 . 1
X e n o c / a r i a s s p p
0 . 0 0 . 1 0 . 1
0 . 3 0 . 4 0 . 6
0 . 3
0 . 3
P r o p l O p / e r u s a e t h i o p i c l I s 3 3 . 3
2 3 . 1 7 . 3
5 . 5
1 . 6
I
o 5
-
-
L a t e s n i / o / i c l I s
2 . 0
0 . 6 0 . 4
-
-
- - -
S y n o d o n t i s v i c / o r i a e 0 . 4
1 . 7 7 . 0
9 . 0
1 1 . 2
2 6 . 5 2 9 . 4 1 4 . 9
S . a J r o f i c s h e r i
0 . 1 0 . 1 0 . 1
o 0 0 . 0
0 . 0 0 . 0 -
B a r b l l s a / l i a n a / i s
0 . 4
0 . 5 0 . 3
0 . 2
0 . 2
\
- - -
L a b e o vic/oriaf1t~s 0 . 1 0 . 4 0 . 0
-
-
- - -
M o r m y r u s k a n n l l m e 0 . 4 0 . 4 0 . 3
0 . 4 o 9
I
o I
0 . 0
-
S c h i / b e m y s / l l s
0 . 9 1 . 8
1 . 3 o 6 0 . 3
0 . 1 0 . 0 -
A / e s t e s s p p
0 . 0 - -
-
-
-
- -
M a s / a c e 1 1 l b e / u s F e n a / u s
0 . 0
0 . 0 0 . 0 0 . 0
- -
-
-
G n a / h o l / a 1 1 l u s / o n g i b a r b i s o 0
0 . 0 -
-
-
- - -
T o t a l 6 4 4 0 9 3 5 . 3
1
7 3 1
.
6 5 8 1 . 5 5 1 2 . 1 5 6 7 . 4 2 6 8 . 4
5 2 . }
I
1 - - - - - - - - -
N o . o f s p e c i e s e n c o u n t e r e d
I
1 0 I 8 I 7 I
( e x c l u d i n g H a p / o c h r o m i s s p p )
1 9
I
1 7
1 6
I I 4
4 - 9
1 0 - 1 9
2 0 - 2 9
3 0 - 3 9
4 0 - 4 9
5 0 - 5 9
6 0 - 6 9
7 0 - 7 9
D e p t h
z o n e ( m )
g r o u p c <
s p p a n d t ,
a n d B . d e
t i v e l y m e
s o m e t i m e
d e p t h s , b
w a t e r s . F
H o w e v e r ,
i n t e r p r e t a
s e g r e g a t i o
C a t c h r a t l
a r e g e n e l
b u t a p p e a
a n d v e r y
r a n g e s o f
o n t h e s a l
t h a t B a g
c l o s e l y t h
o f r e l a t i v
m e n t s ( S l
w h i c h , t o
B a g r u s / H
g i c a l p r e d
C l a r i a s
u b i q u i t o u
o f t h e I :
w a s h i g h
t h o u g h c .
h i g h e r i r
P r % p t e r u s ( 5 0 - 5 9 m ) , T . e s c u l e n t a ( 4 0 - 4 9 m ) ,
T . v a r i a b i l i s ( 3 0 - 3 9 m ) , T . n U o t i c a a n d T .
z i l l i i ( 2 0 - 2 9 m ) a n d T . l e u c o s t i c t a i s c o n f i n e d
t o w a t e r s n o t m o r e t h a n 1 0 m d e e p .
[ n t e r m s o f m e a n c a t c h r a t e s a n d f r e q u e n c y
o f o c c u r r e n c e , t h e r e l a t i v e a b u n d a n c e a l s o
v a r i e s w i t h d e p t h f o r m o s t o f t h e f i s h e s i n
t h e l a k e a n d c o u l d b e d i v i d e d i n t o t w o
b r o a d g r o u p s : t h o s e w h o s e c a t c h r a t e s t e n d
t o p r o g r e s s i v e l y i n c r e a s e w i t h d e p t h a n d
t h o s e w h o s e c a t c h r a t e s p r o g r e s s i v e l y d e c r e a s e
w i t h d e p t h . A m o n g t h e l a t t e r g r o u p a r e t h e
T i l a p i a s p p , P r % p t e r u s a e t h i o p i c u s a n d L a t e s
n i l o t i c u s ( S e e T a b l e 2 ) , w h i l e t h e f o r m e r
o c c u r r e d i n t h e s h a l l o w e s t z o n e ( 4 - 9 m )
a n d o n l y 4 w e r e r e p r e s e n t e d u p t o t h e
d e e p e s t z o n e ( 7 0 - 7 9 m ) . F o u r o f t h e m a j o r
c o m m e r c i a l t a x a ( H a p l o c h r o 1 1 1 i s s p p , B a g r u s
d o c 1 1 1 a c , C l a r i a s 1 1 1 o s s a 1 1 1 b i c u s a n d S y n o d o n / i s
v i c t o r i a e ) a n d o n e m i n o r g e n u s ( X e n o c 1 a r i a s )
w e r e f o u n d t o b e e u r y b a t h i c . O n t h e o t h e r
h a n d , T i l a p i a s p p , P r o t o p t e r u s a e / h i o p i c u s
a n d m o s t o f t h e c o m m e r c i a l l y m i n o r c a t e g o -
r i e s w e r e f o u n d t o b e m o r e o r J e s s o l i g o b a t h i c .
A m o n g t h e T i l a p i a s p p , T . e s c u l e n t a h a s
t h e w i d e s t , a n d T . l e u c o s t i c t a t h e n a r r o w e s t ,
d e p t h r a n g e o f d i s t r i b u t i o n . T h e d e p t h z o n e
I i m i t s o f t h e s e s p e c i e s s e e m t o b e a s f o l l o w s :
O
r )
' I
-
l l f .
-
I l t
s t i c t
-
o
I
I
J
o 1
o t u
t u
t
}
O . J
t l l
I
n l l 1 1
0
l t
t a c e m b / } r e n t
t o l l a m l l
-
I
4 . I . I
i
- - - -
- - -
I
J
1 1
I
I
I
1
l
p l o c h r o m
c m a m o s m b i c u
l
/ t
l
o t o p t e r
i l
o t o p l e r
l i C l l
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~ in Lake
70-79
16
29.6
group comprises S. victoriae, Xenoclarias
spp and to a certain extent, Haplochromis spp
and B. docmac. Other species which are rela-
tively more abundant in shallow waters, are
sometimes found in waters of intermediate
depths, but disappear completely in deeper
waters. Five of the species with the best
trends in distribution by depth can be
summarized as follows:
S. victoriae and Xenoclarias spp catch
rates significantly increase in waters deeper
than 30 m. The mean size of these fish,
like that of Haplochromis, is also directly
related to mean depth as shown below:
Xenoc/arias
Sample Size Mean
Synodonlis vicloriae
Sample Size Mean
Hap/ochromis
Sample Size MeanDepth
zone (m) Length, L t Length, L I Length, L t
4- 9 3187 90.9 mm 172 10.8 em _.
-
10-19 4434 87.2 mm 432 13.3 em
-
-
20-29 2275 105.0 mm 415 14.6 em - -
30-39 1766 106.9 mm 453 I 15.3 em 73 16.7
40-49 1441 108.0 mm 685 15.6 em 90 17.0
50-59 841 116.4 mm 629 17.4 em
I
319 1 17.1
60-69
I
264 120.4 mm 557 21.4 em 413
I
17. I
70-79 413 107.8 mm 227 22.8 em lJO 17.3
14.9
0.2
7.1
0.3
Not enough samples were measured
L t Total length
Lr - Fork Length
52.1
4
'y the area
40-49 m),
1 and T.
; confined
frequency
ance also
fishes in
into two
'ates tend
:pth and
I decrease
p are the
and Lates
e former
However, further study is needed for sound
interpretation of the apparent size-range
segregation by depth among these fishes.
Catch rates for Haplochromis and B. docmac
are generally high in many depth zones
but appear best in the 10-50 m depth range
and very poor in deeper waters. All size
ranges of B. docmac were often encountered
on the same grounds. It is interesting to note
that Bagrus follows Haplochromis more
closely than does any other species in terms
of relative abundance, diel vertical move-
ments (see below) and depth preference
which, together, strongly emphasize a closer
Bagrus/Haplochromis association in the ecolo-
gical predator/prey relationship.
Clarias mossambicus is almost equally
ubiquitous throughout the depth range
of the lake. Its freq uency of Occurrence
was higher than 90 % in each depth zone
though catch rates by weight were generally
higher in waters less than 40 m deep.
The hardy nature of this fish, its acce-
ssory, suprabranchial, aborescent breathing
organs and catholic feedi!1g tendencies
contribute, at least in part, to its eurybathic
distribution.
Besides depth, there are other ecological
variables (e.g. dissovled 02-concentration
near the bottom, bottom type, open versus
closed waters, etc.) that contribute to
difference in distribution patterns, but
analysis of detailed habitat types is outside
the purview of our present consideration
and only a broad picture of catch rates
by the three territorial sections of the lake,
though they are not spatially delimited,
per se, is presented in Tables 3 and 4. Data
seem to suggest that mean total catch rates
are slightly higher in the Kenya section of
the lake than the other two regions. But this
is because the catch figures were first weighted
by the surface area of each depth stratum
and because the Kenya section has a very
small proportion of the deep waters (where
>\ I
l I l
I
IJ
I
\
J J
. 110
f
occ r
ill
Oz-
T a b l e 4 . T o t a l M e a n C a t c h R a t e s ( K g j H r ) f o r D e p t h S u b s t r a t a o f E a c h C o u n t r y - S e c t i o n o f L a k e V i c t o r i a
2 2 K U D H O N G A N 1 A , A . W . A N D A L M a . I . C O R D O N E
T a b l e 3 . M e a n C a t c h R a t e s ( K g j H r ) b y C o u n t r y - S e c t i o n o f L a k e V i c t o r i a
l i m n o l o g
c e n t r a t i o
w a r d p i J
a g a i n s t ,
t h e r m o d
A n o t h f
r e n c e s i r
f r o m 2 4 - 1
s a m e t r <
B o t t o m ,
w e r e c c
p r e s e n t e d
i m p l y i n g
v e r t i c a l
i n t h e 1 <
s p p , B . d .
e x t e n t ,
d e m e r s a l
t h a n i n '
n i g h t w i
h i g h e r d t
T h e c o r n
P . a e t h i o
r e v e r s e .
o b v i o u s
t w o g r o !
f r o m a n
v e r t i c a l l y
b a s i s . n
o f t h e s e
k n o w n , .
c a s e e x i s '
M a l a w i
i n t e r e s
t i
l 1
r i s o n o f
r a t o r y a
g e n e r a l ,
t a x a ( E l
p e r h a p s
t h e f i s h e
t h a n p e i
' d I
m l w a t e ,
t o t a l c
d u r i n g t
b o t t o m
o f t h e
w i t h o u t t h e 7 0 - 7 9 m d e p t h z o n e ( w h i c h
K e n y a d o e s n ' t p o s s e s s ) s u g g e s t s t h a t T a n z a -
n i a w a t e r s h a v e h i g h e r f i s h d e n s i t i e s , f o l l o w e d
b y t h e K e n y a s e c t i o n ( T a b l e s 3 a n d 4 , b o t t o m
r o w s ) . T h i s i m p l i e s t h a t t h e s o u t h e r n p a r t
o f t h e l a k e i s m o r e p r o d u c t i v e t h a n t h e
n o r t h e r n p a r t a n d i s i n a g r e e m e n t w i t h
C o u n t r y K e n y a
T a n z a n i a U g a n d a
C o m b i n e d
D e p t h z o n e ( m )
0 - 9 4 1 5
8 4 8 5 1 1 6 4 4
1 0 - 1 9 8 1 0 1 1 7 5
6 6 3 9 3 5
2 0 - 2 9 5 6 0 6 5 0
8 4 8
7 3 1
3 0 - 3 9 7 0 9 6 1 2
5 2 6 5 8 1
4 0 - 4 9
5 4 3 4 5 6
6 3 8 5 1 2
5 0 - 5 9 5 0 2 5 9 9 5 3 2 5 6 7
6 0 - 6 9 1 7 1 3 3 3
1 9 9
2 6 8
7 0 - 7 9
- 5 5
5 0
5 2
F o r A l l Z o n e s 5 2 3 5 1 4
3 9 5 4 6 3
M e a n :
l e s s 7 0 - 7 9 0 1 z o n e 5 2 3
6 0 6
4 9 6 5 5 6
C o u n t r y
K e n y a T a n z a n i a
U g a n d a A l l C o m b i n e d
S p e c i e s :
H a p l o c h r o m i s s p p
4 4 0 . 2 6 4 2 6 . 3 7
3 2 7 . 3 8 3 8 4 . 6 9
T i l a p i a e s c u l e n t o 7 . 6 3
1 2 . 7 0
2 . 5 9 8 . 0 7
T . v a r i a b i l i s 0 . 1 4
0 . 1 2 0 . 6 0 0 . 3 2
T . n i l o t i c a
0 . 5 8
1 . 2 1 0 . 8 5 1 . 0 2
T . z i l l i i
- 0 . 0 1
0 . 0 8 0 . 0 4
T . l e u c o s t i c t a
- - 0 . 0 5 0 . 0 2
B a g r u s d o c m a c
3 3 . 4 5 2 9 . 3 7
2 3 . 5 1 2 7 . 0 9
C l a r i a s m o s s i i m b i c u s 2 3 . 2 3
1 8 . 7 6 1 7 . 3 3 1 8 . 4 0
X e n o c l a r i a s s p p 0 . 7 8
0 . l 9
0 . 3 8 0 . 3 0
P r o t o p t e r u s a e t h i o p i c u s 1 0 . 7 5
6 . 6 6 5 . 7 7 6 . 5 1
L a t e s n i l o t i c u s
1 . 1 2
0 . 0 1
0 . 4 8 0 . 2 7
S y n o d o n t i s v i c t o r i a e 3 . 7 1
1 7 . 5 9 1 5 . 3 6
1 5 . 8 4
S . a f r o f i s c h e r i
0 . 9 0
-
0 . 0 1
0 . 0 3
B a r b u s a l t i a n a l i s 0 . 2 5
0 . 1 0 0 . 1 8 0 . 1 4
L o b e o v i c t o r i a n l l s 0 . 1 7 0 . 0 7
-
0 . 0 5
M o r m y r u s k a n l 1 l 1 l 1 1 e 0 . 3 4
0 . 1 6 0 . 2 9 0 . 2 2
S c h i l b e m y s t l l s
0 . 5 4
0 . 7 2
0 . 0 8
0 . 4 4
T o t a l m e a n :
w h o l e l a k e 5 2 3 . 4 5
5 1 4 . 0 4 3 9 4 . 9 4 4 6 3 . 4 5
L e s s 7 0 - 7 9 m z o n e 5 2 3 . 4 5 6 0 6 . 4 0 4 9 6 . 3 0
I
5 5 5 . 9 3
c a t c h r a t e s a n d s p e c i e s d i v e r s i t y a r e l o w e r ) .
T h e T a n z a n i a a n d U g a n d a s e c t i o n s o f t h e
l a k e w h i c h h a v e l a r g e r p r o p o r t i o n s o f t h e
d e e p w a t e r s w h e r e S . v i c t o r i a e a r e m o r e
c o n c e n t r a t e d s h o w m u c h h i g h e r m e a n t o t a l
c a t c h r a t e s f o r t h i s s p e c i e s . C o m p a r i s o n o f t h e
t o t a l m e a n t o t a l c a t c h r a t e s f o r t h e r e g i o n s
I O J
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d
1e (which
1t Tanza-
. followed
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lern part
than the
ent with
limnological findings showing more con-
centrations of nutrients due to their south-
ward pile-up resulting from wind action
against a downward northern tilt of the
thermocline (KITAKA, 1971).
Another aspect of temporal-spatial diffe-
rences in species distribution was derived
from 24-hour trawl series conducted over the
same transect in several different areas.
Bottom and mid water 24-hour trawl series
were compared and data, though not
presented here, were complementary in
implying the existence of temporal-spatial
vertical migrations among certain species
in the lake. Catch rates for Haplochromis
spp, B. docmac, T. esculenta and, to a certain
extent, C. mossambicus were higher in
demersal catches made during the day
than in demersal catches made during the
night whereas their pelagic catches were
higher during the night than during the day.
The corresponding catch rates for T. nilotica,
P. aethiopicus and M. kannume were the
reverse. These changes, which were less
obvious in shallow waters, imply that the
two groups of fish tend to move away
from and then towards the bottom in
vertically opposite directions on a diel
basis. Though the magnitude of amplitude
of these reversed movements is not yet
known, they are similar in essence to the
case existing in the south-east arm of Lake
Malawi (MEECHAM, 1971) and have
interesting ecological implications. Compa-
rison of bottom and mid water trawl explo-
ratory catch results tends to suggest, in
general, that with the exception of a few
taxa (Engraulicypris argenteus, Alestes and
perhaps some of the Haplochromis species)
the fishes of Lake Victoria are more demersal
than pelagic. This is because although the
midwater trawl was much larger, the mean
total catch were much lower (particularly
during the day) and more variable than their
bottom trawl counterparts. Lower efficiency
of the midwater trawl does not seem to
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have been a fact since the pelagic catches
greatly increased, relatively, during night-time
fishing on the same grounds. Furthermore,
apart from the reversed diel vertical migra-
tions, some of our data imply existence
(at least in some areas) of bimodal horizontal
movements, by some species, which follow
the biannual seasonality of rainfall. Thus,
the spatial distribution of the fishes in the
lake depends on a number of factors which
include depth, location, time of day and
season. However, diel and seasonal move-
ments need further studies.
Estimates of "minimum standing stocks"
in Lake Victoria and "potential yield" for
Haplochromis spp as derived from demersal
trawling
In deriving standing stock estimates the
52 sampling strata were grouped into
IOm-depth intervals by territorial regions
(Kenya, Tanzania and Uganda) and the
area of each depth stratum was estimated
separately so that mean catch rates were
weighted by the area of their corresponding
depth stratum. For the Haplochromis complex
only hauls (of nrtype) made"with small mesh
(38 and J9mm) codends were used because
Haplochromis catch rates vary inversely
with codend mesh size (CORDONE and
KUDHONGANIA, 1972) so that large
mesh sizes underestimate the preponderance
of this taxon. To estimate ichthyomass of
each species within the various strata we
followed the method outlined by ALVER-
SON and PEREYRA (l969)-using mean
catch rates, average towing speed, average
working gape of the trawl and average
area of the stratum considered. We also
assumed that hauls were effectively randomi-
zed within each stratum, that catch rates
were directly proportional to the density
of the fish on the grounds and that the
absolute fishing performance of the gear
was unity on each of the grounds sampled.
However, certain limitations of our data
I
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T a b l e 5 . E s t i m a t e s o f S t a n d i n g S t o c k ( i n m e t r i c t o n s ) f o r L a k e V i c t o r i a
-
( e . g . s e l e c t i v i t y o f t h e t r a w l , l i k e m o s t o t h e r
g e a r ; d i s p a r i t y , b o t h i n t i m e a n d s p a c e ,
i n t h e s a m p l i n g p a t t e r n w h e r e a s t h e p o p u -
l a t i o n s s a m p l e d a r e d y n a m i c ; p o s s i b l e
e x i s t e n c e o f a v o i d a n c e o r e s c a p e m e n t , o r o f
h e r d i n g b y t h e t r a w l d o o r s a n d w a r p s ;
e t c ) i m p o s e l i m i t a t i o n s t o t h e c o r r e c t n e s s
o r p r e c i s i o n o f o u r e s t i m a t e s . T h e e s t i m a t e s
g i v e n a r e t h u s m e r e l y t h e o r d e r o f m a g n i t u d e
o f t h e d e m e r s a l f i s h s t o c k s i n t h e l a k e
s u s c e p t i b l e t o b o t t o m t r j l w l .
T h e r e s u l t s , a s s h o w n i n T a b l e s 5 a n d 6 ,
s u g g e s t t h a t a t l e a s t 8 0 % o f t h e i c h t h y o m a s s
i n L a k e V i c t o r i a i s c o m p o s e d o f H a p l o c h r o m i s
s p p s o t h a t t h e r e s t o f t h e o t h e r s p e c i e s
( t h a t w e r e e n c o u n t e r e d ) c o m b i n e d m a k e
u p j u s t m o r e t h a n 1 0 % . A l t h o u g h t h e r e a r e
t e m p o r a l a n d s p a t i a l v a r i a t i o n s , t h e r e l a t i v e
a b u n d a n c e o f t h e m a j o r t a x a i n t h e l a k e
f o l l o w s t h i s o r d e r o f d e c r e a s i n g s i g n i f i c a n c e
( b y w e i g h t ) : H a p l o c h r o m i s s p p ( 8 3 . 0 % ) ,
B . d o c m a c ( 5 . 8 % ) , C . m o s s a m b i c u s ( 4 . 0 % ) ,
S . v i c t o r i a e ( 3 . 4 % ) , T . e s c u l e n t a ( 1 . 7 % ) ,
P . a e t h i o p i c u s ( I . 4 % ) , T . n i t o t i c a ( 0 . 2 % ) ,
e t c . ( T a b l e 5 ) . H o w e v e r , t h e s i g n i f i c a n c e
o f t h e T i t a p i a s p p a n d P . a e t h i o p i c u s m a y
b e u n d e r e s t i m a t e d s i n c e o u r e x p e r i m e n t a l
t r a w l i n g d i d n o t i n c l u d e t h e s h a l l o w i n s h o r e
z o n e ( Q - 4 m ) w h e r e t h e s e f i s h e s a r e t h o u g h t
t o b e m o r e c o n c e n t r a t e d . I t s h o u l d b e n o t e d
t h a t t h e e x o t i c T i l a p i a s p p ( T . n i l o t i c a ,
z i l l i i a n d T . l e u c o s t i c t a ) , i n t r o d u c e d i n t o
t h e l a k e f r o m 1 9 5 3 o n w a r d s , h a v e m a d e
r e c o g n i z a b l e c o n t r i b u t i o n s t o t h e f i s h e r y .
O n t h e o t h e r h a n d , L a t e s ( i n t r o d u c e d i n t o
t h e l a k e a r o u n d 1 9 6 0 ) h a s n o t y e t s h o w n
t h e s u c c e s s a c h i e v e d i n L a k e K i o g a ,
w h e r e i t w a s i n t r o d u c e d i n 1 9 5 0 , a f t e r a n
e q u a l t i m e p e r i o d o f t e n y e a r s . T h u s t h e
b i o n o m i c a n d c o m m e r c i a l c o n t r i b u t i o n o f
L a t e s t o t h e i c h t h y o f a u n a o f L a k e V i c t o r i a
i s s t i l l i n s i g n i f i c a n t .
T a b / e 6 . E s t i m a t e s o f I
S p e c i e s
H a p / a c h r a m i s s p p !
T i / a p i a e s c u / e n l a
T . v a r i a b i l i s
T . n i l o l i c a
T . z i l l i i
T . / e u e o s l i c l a
B a g r u s d a c m a e
C l a r i a s m o s s a m b i c l l s
X e n a c l a r i a s s p p .
P r o l a p l e r u s a e l h i o p i c l l !
S Y l l o d o n l i s v i e t o r i a e
S . a J r a / i s c h e r i
L a l e s n i / a l i e u s
B a r b u s a / l i a n a / i s
L l I b e a v i c t o r i a n u s
I v ! o r m y r u s k a n n u m e
S c h i l b e m y s l u s
T o t a l s :
1 E s t i m a t e s f o r H a p / o (
E s t i m a t e s f o r o t h e r
K e n y a
T a n z a n i a U g a n d a A l l A r e a s
S p e c i e s :
%
H a p l o c h r o m i s s p p . 3 6 , 6 9 4
3 2 1 , 2 8 2
2 0 5 , 5 9 2 5 6 3 , 5 6 8 8 3 . 0 0
T i l a p i a e s c l l i e n l a 6 3 6
9 , 5 6 9 1 , 6 2 4 1 1 , 8 2 9 l . 7 4
T . v a r i a b i l i s
1 2
8 8 3 6 7 4 7 6
0 . 0 7
T . n i l o t i c a
4 8 9 1 2
5 3 5 1 , 4 9 5
0 . 2 2
T . z i / l i i
-
6 5 3 5 9 0 . 0 1
T . / e u c o s t i c l a
-
-
2 9 2 9 0 . 0 0
B a g r u s d o e m a e
2 , 7 8 8
2 2 , 1 3 1 1 4 , 7 1 ' ' 5 3 9 , 6 8 5 5 . 8 4
C / a r i a s m o s s a m b i e l l s
1 , 9 3 6 1 4 , 1 3 8
1 0 , 8 8 5 2 6 , 9 5 9
3 . 9 7
X e n o c l a r i a s s p p .
6 5 1 4 4 2 3 8 4 4 7 0 . 0 7
P r o l o p l e r u s a e l h i o p i c u s
8 9 6 5 , 0 2 2
3 , 6 2 5 9 , 5 4 3
l . 4 1
L a l e s n i / a t i c u s
9 3 7
3 0 2
4 0 2 0 . 0 6
S y n a d a n t i s v i c t o r i a e
3 0 9 1 3 , 2 5 6
9 , 6 4 4
2 3 , 2 0 9 3 . 4 2
S . a J r a / i s e h e r i 4 2
- -
9
5 1 0 . 0 1
B a r b u s a / t i a n a / i s
2 1
7 7 U 5 2 1 3
0 . 0 3
L a b e a v i e t o r i a n u s
1 4 5 3
I 6 8
0 . 0 1
M o r m y r u s k a n n u m e
2 8
1 1 9
1 8 1
3 2 8
0 . 0 5
S c h i / b e m y s t u s
4 5 5 4 7
5 4
6 4 6
0 . 1 0
T o t a l : 4 3 , 6 2 7
3 8 7 , 3 5 1
2 4 8 , 0 2 9
6 7 9 , 0 0 7 1 0 0 . 0 1
A r e a ( h a )
4 1 6 , 7 3 0 3 , 7 6 7 , 4 9 0
3 , 1 3 9 , 8 9 0 7 , 3 2 4 , 1 1 0
D e n s i t y ( K g / h a )
1 0 4 . 7 1 0 2 . 8
7 9 . 0
9 2 . 7
T a b / e 7 . R e / a t i v e S i z e ,
e p t h z o n e ( m )
% o f t o t a l a r e a
- - . - - - . - - - - -
% o f e s t i m a t e d b i o m a
% o f b i o m a s s p e r 1~
P r e s e n t a t i o n o f
i c h t h y o m a s s b y t l
t e r m s o f t h e i r r e / ;
i n t e r e s t . D a t a s l
t h a t 1 8 . 4 % o f t l
7 0 - 7 9 m d e p t h ,
o f t h e e s t i m a t e c
w h i l e 3 8 . 6 % o f t l
r a n g e ) c a r r i e s 1 3 .
9 . 3 % o f t h e a r e
o f t h e t o t a l i c h t h
b i o m a s s i s c o n t a i
I J
. f l
l
l
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/
t
t t t
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t
l
t t
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Table 6. Estimates of Biomass for Major Species in Lake Victoria
Species Estimated total 95 % Confidence limits Coefficien t of
biomass (metric of biomass variation of
tons) lower upper estimate
Haplochromis spp.' 563,568 504,709 622,427 .05
Ti/apia escu/enta 11,829 9,208 14,450 .11
T. variabi/ is 476 225 727 .26
T. nilotica 1,495 901 2,089 .20
r. zillii 59 0 138 .67
T. /eucost icta 29 0 78 .85
Bagrus docmac 39,685 34,275 45,095 .07
Clarias mossambiclIs 26,959 24,098 29,820 .05
Xenoclarias spp. 447 330 564 .13
Protopterus aethiopicus 9,543 8,154 10,932 .07
Synodontis victoriae 23,209 17,178 29,240 .13
S. afrofischer i 51 29 73 .22
Lates ni/oticas 402 177 627 .28
Barbus a/tiana/is 213 130 296 . J9
Labeo victorianlls 67 26 108 .30
Mormyl'l/s kannllme 328 157 499 .26
ScM/be mystliS 646 446 846 .15
Totals: 679,006 619,444 738,568 .04
, Estimates for Haplochromis spp. based on 429 hauls with small-meshed codends.
Estimates for other species based on 772 hauls with all codends.
Tab/e 7. Relative Size alld Demersal Fish Biomass Contribution ofLake Victoria's Various Depih Strata
,
•
Depth zone (m) 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79
- ..
%of total area 9.3 9.2 8.5 7.5 9.3 17.7 20.2 18.4
---
%of estimated biomass 13.0 18.6 13.5 9.4 10.2 21.6 11.7 2.1
-'..
..
%of biomass per I % of area 1.4 2.0 1.6 1.3 1.1 1.2 0.6 0.1
:-;;
.00
.74
.07
.22
.01
.00
84
97
07
41
06
42
01
03
:ll
)5
10
II
Presentation of the contribution to the
ichthyomass by the various depth strata in
terms of their relative size may be of some
interest. Data shown in Table 7 indicate
that 18.4 % of the area of the lake (the
70-79m depth zone) carries only 2.1 %
of the estimated demersal fish biomass
while 38.6 % of the area (the 60-79m depth
range) carries 13.8 % as compared with the
9.3 % of the area (0-9m) carrying 13.0 %
of the total ichthyomass. Also, 50 % of the
biomass is contained in the rich 30 % of the
area corresponding to the 0-29m depth
section of the lake where the 10-19m zone
seems to be the richest. Thus, with bottom
trawling, the central offshore zone of the
lake is not as productive as the shallow
inshore waters and this has important bearing
when considering the tempo and incentive
for geographical expansion of fishing opera-
tions to deep offshore waters.
"Potential Yield" for Haplochromis spp.
The Haplochromis spp biomass (i.e. fish
of catchable size-from about 4.5 or 5.0 cm,
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L t , a n d a b o v e ) o f a p p r o x i m a t e l y 6 0 0 , 0 0 0
m e t r i c t o n s c o u l d b e u s e d t o d e r i v e a p r e -
l i m i n a r y e s t i m a t e o f " p o t e n t i a l y i e l d " u s i n g
G U L L A N D ' S ( 1 9 7 0 ) a p p r o x i m a t e m o d e l f o r
e s t i m a t i n g p o t e n t i a l y i e l d f r o m d a t a o n
v i r g i n i c h t h y o m a s s ,
a n d t h i s g i v e s a " p o t e n t i a l y i e l d " w h i c h i s
w i t h i n t h e m a g n i t u d e o f 2 0 0 , 0 0 0 m e t r i c
t o n s . I t i s v e r y n e c e s s a r y t o p o i n t o u t t h a t
t h i s e s t i m a t e r e f e r s e s s e n t i a l l y t o t h e o r d e r
o f m a g n i t u d e o f t h e b i o l o g i c a l p o t e n t i a l ,
u n d e r p r o p e r a n d e f f e c t i v e h a r v e s t i n g
r e g i m e ( s ) , a n d s h o u l d n o t b e i n t e r p r e t e d
a s b e i n g t h e " y i e l d t o b e r e a l i z e d " .
A c o m p a r i s o n b e t w e e n c o m m e r c i a l a n n u a l
h a r v e s t f o r H a p l o c h r o m i s a n d o u r " p o t e n t i a l
y i e l d " e s t i m a t e c o n f i r m s t h e i d e a t h a t t h i s
t a x o n i s u n d e r f i s h e d . T h o u g h n o p o t e n t i a l
y i e l d e s t i m a t e s w e r e m a d e f o r t h e o t h e r
f i s h e s , o u r s t u d i e s h a v e r e a c h e d a s t a g e
( 1 ) T h e c ,
i s m u c
g i l l - n e t
f i s h i n g
a n d I s
a n d t h
i n m i l l
( 2 ) T h e e >
l a r l y 0
v e d
t l
c e s s i n !
( 3 ) T h e
t r a w l i l
o f s n
c o d e n
c a p t u l
o f t h e
w h o s e
a r e c c
( 4 ) B e c a l
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w i t h
f a s c i r
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o f g i l
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h a r v e s t i s
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t h e d i c h o t (
s p e c i e s a n '
s t o c k s . A
a h e a d f o r '
c i a l u n d e n
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T h e d e v e l o p m e n t o f f i s h e r y r e s e a r c h i s
p a r t o f m a n ' s r e s p o n s e t o f l u c t u a t i o n s i n
a b u n d a n c e o f e x p l o i t e d f i s h p o p u l a t i o n s
a n d i t s l o g i c a l e n d o b j e c t i v e i s f i s h e r y
m a n a g e m e n t . T h e L a k e V i c t o r i a e x p l o r a t o r y
s u r v e y d a t a a n d c o m m e r c i a l c a t c h s t a t i s t i c s
i n d i c a t e , a m o n g o t h e r t h i n g s , t h a t : ( a ) t h e
c o m p o s i t i o n o f t h e d e m e r s a l f i s h s t o c k s
d u r i n g t h e s u r v e y w a s n o t q u a l i t a t i v e l y
d i f f e r e n t f r o m c o m m e r c i a l c a t c h c o m p o s i t i o n ;
( b ) w h e r e a s s e v e r a l o f t h e s p e c i e s p r e f e r e n -
t i a l l y t a k e n b y t h e e x t a n t c o m m e r c i a l g e a r
a p p e a r o v e r - f i s h e d ( a s c o n s t r u e d f r o m t h e
g r e a t l y r e d u c e d c a t c h r a t e s ) t h e g r e a t e r
p a r t o f t h e p r e s e n t i c h t h y o m a s s ( o v e r 8 0 % ,
H a p l o c h r o m i s s p p ) i s u n d e r - h a r v e s t e d s o t h a t
i t s y i e l d c o u l d b e i n c r e a s e d b y t r a w l f i s h i n g ;
( c ) t r a w l f i s h i n g , t h o u g h a m o r e e f f i c i e n t
m e t h \ . · d f o r c a t c h i n g m o s t o f t h e f i s h s p e c i e s
i n L a k e V i c t o r i a , i s b e s t d i r e c t e d t o t h e
p r e p o n d e r a n t H a p l o c h r o m i s s t o c k s w h i c h
a r e c u r r e n t l y u n d e r f i s h e d , a n d t o S . v i c t o r i a e
w h i c h i s a b u n d a n t o n l y i n d e e p w a t e r s ;
( d ) s p e c i e s d i v e r s i t y i s i n v e r s e l y r e l a t e d t o
m e a n d e p t h a n d t o t a l m e a n c a t c h r a t e s a r e
l o w e r i n d e e p w a t e r s , p a r t i c u l a r l y i n t h e 6 0 -
7 9 m d e p t h r a n g e ; a n d ( e ) t h a t c o m m e r c i a l
y i e l d s f r o m t h e J a k e h a v e b e e n m a i n t a i n e d
o r i n c r e a s e d t h r o u g h i n c r e a s e d t o t a l f i s h i n g
e f f o r t , i n c r e a s e d u s e o f s m a l l m e s h - s i z e g i l l -
n e t s a n d b e a c h s e i n e s i n s o m e a r e a s , a n d b y
g e o g r a p h i c a l e x t e n s i o n t o m o r e o f f s h o r e a r e a s .
L A K E V I C T O R I A ' S P R E S E N T F I S H
S T O C K S A N D U T I L I Z A T I O N I N R E L A -
T I O N T O T R A W L F I S H E R Y D E V E L O P -
M E N T
w h e r e i t i s p o s s i b l e t o d e s i g n a w e l l - r o u n d e d
e f f i c i e n t s a m p l i n g a n d s u r v e y p r o g r a m m e
f o r L a k e V i c t o r i a w h i c h n o w o f f e r s a n
e x c e l l e n t s e t t i n g f o r s t u d y i n g t h e t r e n d
w i t h i n a f i s h e r y o f m i x e d s t o c k s a n d t h e
r e a c t i o n o f t h e c o m p l e x H a p l o c h r o m i s p o -
p u l a t i o n s t o c h a n g e d s t r e s s r e g i m e s s u c h
a s t r a w l f i s h i n g .
M a x i m u m p o t e n t i a l
y i e l d ,
C o e f f i c i e n t o f n a t u r a l
m o r t a l i t y ,
V i r g i n i c h t h y o m a s s .B
o
M
C
m a x
= 0 . 4 M B
o
w h e r e C
m a x
T h e p r e s e n t c o m m e r c i a l H a p l o c h r o m i s a n n u a l
h a r v e s t ( a b o u t 2 0 , 0 0 0 m e t r i c t o n s ) w a s
c o n s i d e r e d a s m a l l f r a c t i o n o f t h e s t a n d i n g
c r o p s o t h a t t h e p r e s e n t i c h t h y o m a s s , B ,
i s n e a r l y e q u a l t o v i r g i n i c h t h y o m a s s , B
o
( o r r o u g h l y , ' B = 0 . 9 B
o
) . F o r d i f f e r e n t
s p e c i e s o f H a p l o c h r o m i s , M i s l i k e l y t o v a r y
b e t w e e n 0 . 5 a n d I . S - d e p e n d i n g o n t h e
m e a n i n d i v i d u a l s i z e o f a p a r t i c u l a r s p e c i e s .
W i t h o n l y g e n e r a l d i f f u s e k n o w l e d g e o f
m o r t a l i t y c o e f f i c i e n t s i n t r o p i c a l f r e s h w a t e r
s t o c k s , w e c o u l d u s e H . R E G I E R ' S ( 1 9 7 1 )
g u e s s t i m a t e o f 0 . 8 a s t h e a v e r a g e M v a l u e
f o r a l l H a p l o c h r o m i s o f c a t c h a b l e s i z e . T h u s ,
( B )
C
m a x
: : ( 0 . 4 ) ( 0 . 8 ) - -
( 0 . 9 )
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Thus, there appears the need for mod ifi-
cations in fishing practices so that the
harvest is a good representation of the
usable stocks-but taking into consideration
the dichotomy of the currently over-fished
species and the under-fished Haplochromis
stocks. Already arrangements are going
ahead for trawling in the lake as a commer-
cial undertaking and several considerations
emerging include:
(I) The cost of operating a trawl fishery
is much higher than that of the present
gill-net fishery. The initial cost for
fishing vessels and gear, infrastructure
and landing facilities, technical experts
and their counterparts, etc. is estimated
in millions of shillings.
(2) The expected increased landings, particu-
larly of Haplochromis, would need impro-
ved transport, storage, handling, pro-
cessing and marketing facilities.
(3) The Haplochromis stocks for which
trawling is most called consist mostly
of small individuals so that suitable
codend mesh sizes for their effective
capture would also retain the juveniles
of the larger fishes (e.g. Bagrus, Tilapia)
whose current commercial catch rates
are comparatively submarginal.
(4) Because the diversity of species and
magnitude of trawl catch rates decrease
with depth, trawl operators may not be
fascinated to operate only in deeper
waters (say, 30-79m depth range). This
might cause competition between trawlers
and gill-netters fishing on the same
grounds, and may lead to the destruction
of gill-nets, and breeding/nursery gounds
for certain species in the shallow waters,
by the trawlers-causing social and
biological repercussions of unknown
magnitudes.
(5) Because there is biological interaction
(competition, predator/prey reJationshi ps,
etc.) among species, the effects of
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increased fishing mortality and change
in selective properties of the fishing
gear would be reflected in the biotic
potential of the whole lake.
It is apparent, then, that trawl fishing on
Lake Victoria would embody economic,
social, political, technical and biological
aspects. In order to forestall serious in-
compatibilities between the various const-
raints and aspirations, and before develop-
ment prospects are enacted, the nature of
the resource and its use to the human
community must be carefully considered
with foresight since the mode of the use
of a food supply and its magnitude together
form an important criterion for judging
the grade of exploitation.
Mode of Utilizing Haplochromis
Increased harvests from trawl fishing would
be expected to bridge the ambivalent gap
between protein malnutrition and the large
under-exploited stocks of Haplochromis.
We consider it that Haplochromis was not
being consumed in proportion to its pre-
ponderance largely because the gill-net
fishery does not effectively tap this rich
protein resource so that its market prices
have remained higher than could provoke
popnlar demand relative to other commercial
species. Though some social groups would
not take Haplochromis as a first preference,
there are many areas where these fish (fresh,
dried, smoked, salted, etc.) sell very readily;
some tribes, like the Baganda, have long
cherished Haplochrol11is even at every tradi-
tional feast; and, we suggest, trawl catch
rates (as observed d,uring our exploratory
survey) would make the fish cost low enough
so as not to deter most potential consumers
of these fish through high market price
stringency. Fish supply in East Africa is not
anywhere close to public demand. According
to CRUTCHFIELD (1969) in his Report on
Mission to Lake Victoria Project, "the pro-
if
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b l e m o f t h e f i s h e r i e s i n E a s t A f r i c a i s m u c h
m o r e o n e o f s u p p l y t h a n o f m a r k e t s " , s o t h a t
o u r t a s k w i t h i n c r e a s e d H a p l o c h r o n z i s l a n d i n g s
w o u l d a p p e a r t o b e o f o r g a n i z a t i o n a n d t h e
p r o v i s i o n o f t h e p h y s i c a l m e a n s f o r t r a n s p o r -
t i n g , s t o r i n g a n d h a n d l i n g t h e f i s h .
H o w e v e r , b e c a u s e t h e s e f i s h f e t c h l o w e r
m a r k e t p r i c e s t h a n t h e o t h e r m a j o r c o m m e r -
c i a l s p e c i e s , a n d b e c a u s e t h e y a r e g e n e r a l l y
s m a l l w i t h m a n y b o n e s , t h e y h a v e b e e n
s u s p e c t e d b y s o m e " a d v i s o r s " t o b e " u n p a l a -
t a b l e " a n d " u n p o p u l a r " s o t h a t a l t e r n a t i v e
m e a n s o f " d i s p o s i n g o f H a p l o c h r o m i s "
expect~d f r o m h i g h t r a w l c a t c h e s h a v e
b e e n r e c o m m e n d e d f o r c o n s i d e r a t i o n . C a n -
n i n g a n d m a k i n g F . P . c . ( b o t h a r e f o r
d i r e c t h u m a n c o n s u m p t i o n ) h a v e b e e n e x -
p e r i m e n t a l l y i n i t i a t e d a t E n t e b b e ( U g a n d a )
a n d N y e g e z i ( T a n z a n i a ) b u t t h e f i n a l p r o d u c t s
a p p e a r , a t l e a s t , r ; : x p e n s i v e . F i s h m e a l ( f o r
c a t t l e , p o u l t r y , p i g a n d p e t f o o d s ) p r o d u c t i o n
( w h i c h a l s o h a s a p i l o t p l a n t a t N y e g e z i ) ,
a p a r t f r o m t h e i n s e n s i b l e w a s t a g e a s s o c i a t e d
w i t h b u l k t r a n s p o r t a n d h a n d l i n g , i n v o l v e s
a l o s s o f 5 t o 1 f r o m f i s h t o f i s h m e a l a n d a
f u r t h e r l o s s d u e t o b i o c h e m i c a l t r a n s f e r
f r o m f i s h m e a l t o t h e f l e s h o f t h e a n i m a l
f e d a n d , h e n c e , a p p e a r s t r o p h i c a l l y u n -
e c o n o m i c . T h e t i m e a n d c o s t s r e q u i r e d
f r o m f i s h t o b e e f d o n o t , e v e n o n a p r i o r i
g r o u n d s a l o n e , i m p a r t p r i o r i t y t o t h e p r o c e s s .
T h e m i n i m u m c a p a c i t y f o r a f i s h m e a l p l a n t
t o o p e r a t e e c o n o m i c a l l y i s e s t i m a t e d t o
b e o n e c a p a b l e o f p r o c e s s i n g 2 0 t o n s o f
r a w m a t e r i a l p e r h o u r ( i . e . 4 8 0 t o n s p e r
2 4 h r s ) a n d t h e i n i t i a l c o s t o f c a p i t a l g o o d s i s
f i g u r e d a t a b o u t 2 m i l l i o n d o l l a r s ( A L V E R -
S O N a n d B R O A D H E A D , 1 9 7 1 ) . T h o u g h
t h e r e i s e v i d e n c e f o r a r e a d y m a r k e t f o r
f i s h m e a l , p e o p l e ( i n E a s t A f r i c a ) w h o w o u l d
a f f o r d f i s h m e a l - f e d c h i c k e n s a n d p i g s , l e t
a l o n e i n d u l g i n g i n f e e d i n g p e t s o n a n i m a l
p r o t e i n ( w h i c h m a n y h u m a n s b a d l y l a c k )
a r e i n t h e m i n o r i t y a n d , t h u s , f i s h m e a l
p r o d u c t i o n w o u l d n o t s p r e a d t h e r e s o u r c e
f o r t h e b e n e f i t o f m o s t o f t h e p e o p l e w h o
a c t u a l l y n e e d t h e p r o t e i n a n d w o u l d b e b e t t e r
c o n s i d e r e d o n l y a s a l a t e r a n c i l l a r y , i n t h e
a l l o c a t i o n o f t h e H a p l o c h r o m i s r e s o u r c e s ,
t o t h e i n i t i a l r e q u i r e m e n t o f i n c r e a s e d
f i s h s u p p l y f o r d i r e c t h u m a n c o n s u m p t i o n .
T h e r e l i a b i l i t y o f t h e H a p l o c h r o m i s S t o c k s
T h e r e l i a b i l i t y o r s t a b i l i t y o f t h e H a p l o c h -
r o m i s s t o c k s a s a n e c o n o m i c a n d f o o d r e s o u r c e
i s b e s t c o n s i d e r e d i n t h e c o n t e x t u r e o f t h e
e c o l o g i c a l s t a t u s o f t h e s e f i s h w i t h i n t h e l a k e
a s a s i n g l e e c o s y s t e m . H a p l o c h r o m i s s p p i n
L a k e V i c t o r i a a r e n e a r l y a l l e n d e m i c a n d h a v e
o c c u p i e d a l m o s t e v e r y a v a i l a b l e h a b i t a t , i m p -
l y i n g t h e i r w i d e r a n g e o f e c o l o g i c a l a d a p t a -
t i o n s . B u t t h a t a t l e a s t 1 2 0 s p e c i e s b e l o n g i n g
t o o n e g e n u s ( t h r o u g h e n d e m i c s p e c i a t i o n )
a r e c o n f i n e d t o a s i n g l e b o d y o f w a t e r , a n d
t h a t t h e y h a v e d e v e l o p e d a n e n o r m o u s
r a n g e o f t r o p h i c t y p e s , s t r o n g l y s u g g e s t
t h a t i n d i v i d u a l s p e c i e s m a y n o t h a v e d e v e l o -
p e d a w i d e r a n g e o f e c o l o g i c a l t o l e r a n c e .
B e c a u s e o f i t s h i g h s p e c i a l i z a t i o n a n d
p o s s i b l e n a r r o w r a n g e o f s p e c i f i c t o l e r a n c e ,
t h e H a p l o c h r o m i s g r o u p m a y b e v e r y s e n s i t i v e
t o s u d d e n s t r e s s e s ; a n d b e c a u s e o f i t s c o m p l e -
x i t y a s a f l o c k i t m a y n o t b e p r o d u c t i v e
e n o u g h t o w a r r a n t s u s t a i n a b l e l a r g e s c a l e
e c o n o m i c r e t u r n s o n a l o n g - t e r m b a s i s .
O n t h e o t h e r h a n d , H a p l o c h r o m i s p l a y s a
b i g r o l e i n t h e b i o n o m i c s o f t h e l a k e a s i t
f o r m s t h e p r i n c i p a l f o o d o f m a n y o t h e r
f i s h e s p a r t i c u l a r l y B a g r u s a n d C l a r i a s , a n d
L a t e s ( w h i c h w a s i n t r o d u c e d i n t o t h e l a k e
f o r t h e p u r p o s e ) ; a n d t h e d e a d H a p l o c h r o m i s
c o n t r i b u t e t o w a r d s t h e f e r t i l i t y o f t h e l a k e .
I n s h o r t , H a p l o c h r o m i s , a p a r t f r o m i t s
c o m p l e x i t y a s a f l o c k a n d u n c e r t a i n r e p r o -
d u c t i v i t y u n d e r h e a v y e x p l o i t a t i o n , p l a y s
a b i g r o l e i n t h e b i o l o g i c a l i n t e r a c t i o n
w i t h i n t h e l a k e b u t h o w d e l i c a t e l y b a l a n c e d
t h e e c o s y s t e m i s o r t h e p o s s i b l e r e s p o n s e t o
t h e i m p a c t o f c h a n g e d f i s h i n g s t r e s s a r e n o t
y e t k n o w n , s o t h a t i n i t i a t i o n o f a m e c h a n i z e d
c o m m e r c i a l f i s h e r y o n L a k e V i c t o r i a r e q u i r e s
m o r e t h a n r o u t i n e c a u t i o u s a p p r o a c h .
A l t e r n a t i v e s o f
T h r e e a l t e r r
t a t i o n s o r U S t
f i r s t o f t h e s e W (
t i l l l a t e r , w h e J
h a s b e e n a c
w i t h t h i s p o s '
w o u l d m e a n
t h e H a p l o c h r o
q u a t e s c i e n t i f i
a c h i e v e d s o t l
l e a s t l i k e l y t o 1
T h e s e c o n d
a f u l l - s c a l e
r i g h t a w a y . .
d e s i r a b l e a l t e r
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Alternatives ofmechanized fishing development
Three alternatives and their major limi-
tations or usefulness are considered. The
first of these would be to delay mechanization
tiIl later, when adequate scientific research
has been achieved. The major trouble
with this possibility is that further delay
would mean further under-utilization of
the Haplochromis resource. Besides, "ade-
quate scientific research" may never be
achieved so that this, as an alternative, is
least likely to be desirable.
The second alterna1 ive would be to start
a fuIl-scale mechanized fishing industry
right away. This seems to be the most
desirable alternative among developing na-
tions. However, their anxiety to develop
immediately has often lured some into
enacting strangling projects before the risks
involved or alternatives available had been
adequately considered (see DUMONT, 1966,
for some examples). FuIl scale mechanization
of Lake Victoria's fisheries, though desirable,
does not appear reasonable immediately.
The impact of trawl fishing on the fish
stocks (some species of which are already
over-fished) and on the giIl-net fishermen
(many of whose current catch rates are
economicaIly discouraging) and the need for
generating an organized method for bulk
spread of Haplochromis to the expanding
public (currently beset by protein malnutri-
tion) are worthy of deep concern. Jumping
immediately on to the stocks with many
trawlers, which involves expensive economic
commitment for initiation and operation,
would not permit careful appraisal of the
trend of the fishery (which is essential for
rational management) because trawler-owners
would naturaIly operate to, at least, recover
their investments. Lake Baringo Fishermen's
Co-operative and Kenya Development Cor-
poration are now fiIleting 12cm-long (Lt)
Tilapias (as compared with 18cm in 1969)
because their investment plant-Lake Ba-
DEMERSAL FISHES IN LAKE VICTORIA 29
ringo Fisheries Limited-which requires
70,000 to 100,000 fish per month to operate
economicaIly must operate (SSENTONGO,
1972). The need for reasonable examination
of biological and other considerations before
large economic commitments are made is
not new on Lake Victoria. The prostrations
of the 1949-51 enterprise (based on Dagusi
Island off South Busoga, Uganda Section)
for gill-net exploitation of Mormyrus stocks
which had been known to "exist on an
economic scale", and the 1953-54 venture
by the Uganda Development Corporation
for a trawling industry in the same area
to "catch Bagrus and Mormyrus for kip-
pering, and Haplochromis for sun-drying"
(EAFFRO, 1967) are not a forgotten moni-
tory clue.
The third would be the intermediate
alternative to start mechanization on a
smaIl scale and subsequently modify the
developments as deemed appropriate. This
approach seems to be the more realistiC'
because whilst the needs for increased
protein and technological improvement of
the fishery would be met, the associated
social, biological, economic, etc. trends would
have some opportunity for analysis and
subsequent modifications to desirable levels.
Besides, the low initial capital investment
would not be a great burden to frustrate the
various research disciplines and, since fishmeal
production is most likely to be eC0nomically
expensive and is definitely trophicaIly un-
economic, a practicable s~trategy for fish
supply to the protein requiring majority
and for export would receive the tantamount
attention.
The, mechanized exploitation of the under-
fished Haplochromis would appear more
rational if it proceeded in graded steps-with
view to biological, economic and sociological
constraints. The current human food balance
justifies the necessity for direct fish supply
to human beings rather than to pigs or pets.
It is logical to say that the economic side
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o f a f i s h e r y t h r i v e s i f t h e b i o l o g i c a l E i d e
a l s o t h r i v e s a n d , t h a t e v e n w i t h o u t m a k i n g
t h e m e c h a n i z e d f i s h e r y a n i m m e d i a t e s o u r c e
o f c a s h i n c o m e ( n o m a t t e r h o w " f o r e i g n
e x c h a n g e " i t m a y b e ) t h e v a l u e o f f i s h t o
t h e p r o t e i n d e f i c i e n t p e o p l e m o r e t h a n
d e f r a y s t h e o p p o r t u n i t y c o s t . A t r a w l f i s h i n g
r e g i m e t h a t w o u l d n e i t h e r r a i s e s e r i o u s
c o n f l i c t w i t h t h e e x i s t i n g t h o u s a n d s o f
c o m m e r c i a l f i s h e r m e n n o r d e p r e s s t h e b i o t i c
p o t e n t i a l o f t h e f i s h e r y , a n d a l l o w o p t i m u m
u t i l i z a t i o n o f t h e r e s o u r c e a n d a v o i d s i n k i n g
s o m e m i l l i o n s o f s h i l l i n g s i n t o t h e d r a i n ,
i s l e a s t l i k e l y t o b e o n e i n i t i a t e d ( h a v i n g
o n l y t e n t a t i v e e s t i m a t e s ) a b o v e t h e m a g n i t u d e
o f e x p e r i m e n t a l m o d e s t y .
S U M M A R Y
E x p l o r a t o r y s u r v e ' y o f t h e f i s h s t o c k s o f
L a k e V i c t o r i a h a s b e e n u s e d t o d e s c r i b e
s o m e p r o m i n e n t t r e n d s i n t h e d i s t r i b u t i o n
a n d r e l a t i v e a b u n d a n c e , a n d t o d e r i v e
p r e l i ' m i n a r y e s t i m a t e s o f t h e s t a n d i n g s t o c k s ,
o f t h e d e m e r s a l f i s h e s o f L a k e V i c t o r i a .
T h e l a k e d o e s n o t o f f e r m a j o r p h y s i c a l
o b s t a c l e s t o t r a w l i n g a s a f i s h i n g t e c h n i q u e ,
b u t p o s s i b l e s o c i a l , e c o n o m i c a n d b i o l o g i c a l
c o n s e q u e n c i e s i m p o s e t h e r e q u i r e m e n t o f
m o r e t h a n r o u t i n e c o n s i d e r a t i o n s f o r t r a w l i n g
o n t h e l a k e a s a s o u n d c o m m e r c i a l e n t e r p r i s e .
M o s t f i s h e s i n t h e l a k e a p p e a r m o r e d e m e r s a l
t h a n p e l a g i c a n d a r e d o m i n a t e d b y t h e
H a p l o c h r o m i s c o m p l e x t o o v e r 8 0 % b y
w e i g h t . S p e c i e s d i v e r s i t y a n d a b u n d a n c e
d e c r e a s e w i t h i n c r e a s i n g d e p t h , s o t h a t t h e
o f f s h o r e 7 0 % o f t h e l a k e a r e a ( c o r r e s p o n d i n g
t o t h e 3 0 - 7 9 m d e p t h r a n g e ) c o n t a i n s p r o b a b l y
m u c h l e s s t h a n 5 0 % o f t h e d e m e r s a l h a r -
v e r s t a b l e i c h t h y o m a s s . T h e m e a n s i z e o f
s o m e f i s h e s ( H a p l o c h r o m i s s p p , S . v i c t o r i a e ,
X e n o c l a r i a s s p p ) t e n d s t o i n c r e a s e w i t h
i n c r e a s i n g d e p t h . I m p l i e d s e a s o n a l m o v e -
m e n t s a n d r e v e r s e d , d i e l , v e r t i c a l m i g r a t i o n s
w h i c h , a p p a r e n t l y , c o n t r i b u t e t o t e m p o r a l
a n d s p a t i a l v a r i a b i l i t y i n c a t c h r a t e s h a v e
i n t e r e s t i n g e c o l o g i c a l i m p l i c a t i o n s , b u t s t i l l
n e e d f u r t h e r s t u d y .
U s i n g t h e " m i n i m u m s t a n d i n g s t o c k " ,
a p r e l i m i n a r y e s t i m a t e o f t h e " p o t e n t i a l
y i e l d " f o r t h e p r e p o n d e r a n t H a p l o c h r o m i s
s p p . w a s d e r i v e d . M o r e H a p l o c h r o m i s c o u l d
b e h a r v e s t e d t h a n c u r r e n t l y a n d b o t t o m
t r a w l i n g p r o v e d a n e x c e l l e n t w a y t o t a p
t h i s r e s o u r c e . B u t o w i n g t o p o s s i b l e i n c o m p a -
t i l i t y b e t w e e n v a r i o u s b i o l o g i c a l a n d s o c i a l
c o n s t r a i n t s o n o n e h a n d a n d e c o n o m i c
a n d d e v e l o p m e n t a s p i r a t i o n s o n t h e o t h e r ,
m e c h a n i z e d e x p l o i t a t i o n o f t h i s r e s o u r c e
s h o u l d n o t b e i n i t i a t e d w i t h b l i n d - f o l d e d
g u s t o . A s t a r t w i t h i n t h e m a g n i t u d e o f
e x p e r i m e n t a l m o d e s t y i s m o r e p r u d e n t s o
t h a t t h e i m p a c t o f t r a w l f i s h i n g o n t h e
g i l l - n e t t e r s , f i s h s t o c k s , f i s h d e m a n d , e t c .
c o u l d b e e v a l u a t e d t o e n a b l e t h e e s t a b l i s h -
m e n t o f a n i n t e r n a t i o n a l l y c o - o r d i n a t e d
m a n a g e m e n t s t r a t e g y g e a r e d t o w a r d s a
s t a t e o f e u m e t r i c e x p l o i t a t i o n a n d o p t i m u m
u t i l i z a t i o n o f t h e r e s o u r c e .
A C K N O W L E D G E M E N T S
T h i s s t u d y w a s c o n d u c t e d t h r o u g h m a t e r i a l
a n d m o r a l s u p p o r t o f E A F F R O ( E a s t A f r i c a n
C o m m u n i t y ) a n d U N D P j L Y F R P ( F . A . O . ) W e a r e
g r e a t l y i n d e b t e d t o t h e D i r e c t o r o f E A F F R O
( D r . J . O k e d i ) a n d t h e P r o j e c t M a n a g e r o f U N D P j
L Y F R P ( M r . P . B . J a c k s o n ) f o r t h e i r c o - o r d i n a t i o n
o f t h e w o r k . D r . R . A . R e g i e r ' s c o m m e n t s w e r e
v e r y i n s p i r i n g . M r . G . E . B . K i t a k a ' s d i s c u s s i o n s ,
c r i t i c i s m s a n d s u g g e s t i o n s h e l p e d m u c h t o b r i n g
o u r p r e s e n t a t i o n t o i t s l e v e l t h o u g h s e v e r a l o t h e r
E A F F R O a n d U . N . p e r s o n n e l w e r e a l s o i n d i s p e n -
s a b l e . L a s t l y , w e w o u l d l i k e t o t h a n k M r s . F .
W a l u s i m b i f o r t h e p r e p a r a t i o n o f t h e M a n u s c r i p t .
H o w e v e r , a n y p o i n t s o f v i e w , b i a s e s , e r r o r s o r
m i s i n t e r p r e t a t i o n o f d a t a a r e c o m p l e t e l y t h o s e o f
t h e a u t h o r s .
R E F E R E N C E S
A l v e r s o n , D . L . a n d W . T . P e r e y r a ( 1 9 6 9 ) . D e m e r s a l
F i s h E x p l o r a t i o n i n t h e N o r t h - e a s t e r n P a c i f i c
O c e a n - A n E v a l u a t i o n o f E x p l o r a t o r y F i s h i n g
M e t h o d s a n d A n a l y t i c A p p r o a c h e s t o S t o c k
S i z e a n d Y i e l d F o r e c a s t s . J . F i s h . R e s . B d .
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